ABSTRACT
Introduction
Streptomycetes represent an important source of biologically active compounds (11, 9, 1, 4) . They are used extensively in industry as producers of antibiotics, enzymes, enzyme inhibitors, antitumour agents. It is important to continue the screening for novel bioactive compounds as the number of microorganisms resistant to the existing antibiotics is growing every year (1, 4) . However, it is becoming increasingly difficult to discover new commercially useful secondary metabolites from common streptomycetes thereby emphasising the need to isolate, characterise and screen novel members of the genus. Streptomycetes from underexplored habitats are proving to be a rich source of new bioactive compounds, including antibiotics (2, 4) . Compared with mesophilic or thermophilic taxa, psychrophilic and psychrotolerant streptomycetes have been relatively poorly studied. Exploring of Arctic and Antarctic microorganisms which could be used as a source for new biologically active compounds has started the last 10 -15 years. The Arctic is one of the last and most extensive continuous wilderness areas in the world, and its significance in preserving biodiversity and genotypes is considerable. The Arctic region is a unique area among Earth's ecosystems with its cold winters and cool summers. Survival of microorganisms in these cold and extreme conditions requires a special kind of adaptation and hardiness against stress factors as substratum limitation, UV irradiations, all-year low temperatures and short-time intensive heating during the Arctic summer. So, screening of the strains isolated from the regions with temperatures under 0°C attains a special significance regarding isolation and identification of secondary metabolites which could be used in pharmacy.
The present paper describes results obtained in isolation and characterization of five streptomycetes strains from the permafrost soils in Spitsbergen, Arctic Ocean and determination of their antimicrobial activities. Antibiotic complex from the culture filtrates was isolated. The samples were transported to the laboratory in an insulated container at 4°C and stored at −20°C. One gram wet weight of the samples was suspended in 9 ml of sterile physiological water (NaCl 9 g l -1 ). The resultant 10 −1 preparations were serially diluted down to 10 −6 , using sterile physiological water, and aliquots of each dilution (100 µl) spread over the surfaces of Gauze I medium (5 ]. The inoculated flask was shaken at 250 rpm 4 o C for 72 hours. The seed culture (3 ml) was transferred to a 100 ml Erlenmeyer flask containing 50 ml of fermentation medium consisting [in g l Morphological, physiological and biochemical characterizations. Standard physiological tests were performed as described by Williams et al. (1989) . ISP media were prepared as described by Shirling and Gottlieb (1966) . Growth of the strains was determined as turbidity (OD 600 ) of homogenized cells with respect to time grown in TSB medium (Difco). Morphological observations of spores and mycelia were made by light microscopy (Boeco BM180, Germany). The influence of temperature on growth was determined at pH 7.0 at temperatures between 4 o and 32 o C with 5°C steps under shaking. Tolerance to NaCl was determined by adjusting the salinity of TSB medium to values between 0.5% and 15% NaCl. The effect of pH on growth was determined in the area 5.0-9.0 with 0.5 pH steps using appropriate biological buffers at room temperature. All carbon sources for carbon utilization tests were filter-sterilised and tested at the concentrations recommended by Shirling and Gottlieb (8) 
Materials and methods

Results and Discussion
Phenotypic and physiological characteristics. Five out of ninety one streptomycetes strains (SB9, SB33, SB47, SB72, SB81) showed antimicrobial activity against Gram-positive, Gram-negative bacteria, yeasts and fungi. These strains were investigated further more detailed. mycelium was abundant on Gauze I. It was white to pink in color in all strains, but the substrate mycelium was light yellow only in strain SB9. No sporulation was observed on ISP4 and ISP5. The substrate mycelium of SB81 was pinkish on ISP4 and beige on ISP5. The substrate mycelium of strains SB9, SB33, SB47, SB72 was white to beige on ISP4 and beige on ISP5. Yellow diffusible pigment was generated only by strain SB9 on Gauze I medium. No melanin production was detected on any of the tested media.
All five strains grow well at temperatures between 4 o and 30 o C, but the optimal growth appears between 20 o and 28 o C.
According to a commonly accepted definition for coldadapted bacteria (7) the strains are psychrotolerant. Psychrotolerant organisms grow well at temperatures close to the freezing point of water, but have fastest growth rates above 20°C. This is in accordance with findings of Gilichinsky et al. (6) and Vishiniac (10) that in contrast to many oceanic isolates, permafrost isolates are not psychrophiles, but psychrotolerant in that they can grow at 4°C and above 20°C. Strains SB9, SB33, SB47, SB81 tolerate NaCl concentrations up to 7% and SB72 -up to 5%. All 5 strains grow well in pH range between 6.5 and 8.0.
The strains are capable of utilizing several carbon sources, including arabinose, cellobiose, fructose, Dgalactose, D-glucose, innulin, D-lactose, trehalose, mannitol, D-mannose, D-melibiose, raffinose, L-rhamnose, salicin, sucrose and xylose.
The morphological, physiological and biochemical characteristics of strains SB9, SB33, SB47, SB72, SB81 are shown on Table 1 .
The strains differ in some morphological and biochemical characteristics which shows that they are not identical but could be affiliated to the same genus.
Hydrolytic activities of isolated psichrotolerant strains. All of the isolates demonstrate hydrolytic activity against AZCL amylase. 76% of the strains were able to degrade AZCL β-glucan. Only 10% of the isolates hydrolyse AZCL arabinoxylan, 12% -AZCL-hydroxyethyl cellulose and only two strains hydrolyse AZCL xyloglucan. No hydrolysis was observed on pullulan, amylopectin, arabinan, curdlan, dextran, galactan, galactomannan and xylan.
Isolation of the antibiotic complex from strains SB9, SB33, SB47, SB72, SB81. On Fig. 1 is presented thin layer chromatography (TLC) profile of the five substances isolated from the culture filtrate of the strains SB9, SB33, SB47, SB72, SB81. The chromatographic spots were visualized by spraying with 1% solution of ninhydrine and heating at 120 o C for 1-3 minutes. The antibiotic complex is consisted of 3 major compounds which concentration is higher in strain SB9. This correlates with the activity of the isolated substances against tested Gram-positive, Gram-negative bacteria, yeasts and fungi ( Table 2 ).
In conclusion, ninety one streptomycete strains were isolated from the permafrost soils in Spitsbergen, Arctic Ocean in the course of screening programme for new antimicrobial compounds. They were psychrotolerant growing at temperature range between 4 o and 28 o C. Only five starins (SB9, SB33, SB47, SB72, SB81) demonstrated strong antimicrobial activity. Their morphological and biochemical characteristics showed that they were not identical but could be affiliated to the same genus. The complete identification of the strains by molecular 16S rRNA methods is in progress. An antibiotic complex was isolated from the five strains by TLC and visualized by bioautography.
